Aghdasi-Bornaun H, Kutluk G, Keskindemirci G, Öztarhan K, Dedeoğlu R, Yılmaz N, Tosun Ö. Evaluation of autonomic nervous system functions in frame of heart rate variability in children with inflammatory bowel disease in remission. Turk J Pediatr 2018; 60: 407-414. Heart Rate Variability (HRV) is one of the reliable and noninvasive parameters to evaluate autonomic control of the cardiovascular system in patients. The aim of our study was to assess autonomic function in pediatric patients with inflammatory bowel disease (IBD) in remission using Power Spectral Analysis of HRV. Autonomic cardiovascular function was evaluated by time and frequency-domain indexes of spontaneous heart rate in 36 IBD children patients in remission phase and 36 sex and age matched healthy controls. Twenty children with Ulcerative Colitis (UC) and 16 patients with Crohn's disease (CD) were diagnosed according to their history, physical and laboratory examination, endoscopic, histopathological and radiological findings of upper and lower gastrointestinal system. Significant decrease was observed at HRV parameters in IBD patients when compared with control group. These differences was found in some of time domain parameters (NNmean, SDNNtotal, SDNNday) and frequency domain parameters (TP, LF,VLF) (p<0. 05) . Also, there was a significant higher minimum heart rate ratio (p<0.04) in patients in comparison to the control group. In the IBD group, there was a relative tendency for parasympathetic suppression and sympathetic predominance which reflects an autonomic dysfunction. This imbalance has a circadian rhythm and it is more obvious during the day. These observations may suggest a previously unrecognized role of chronic inflammation for autonomic modulation in IBD.
Inflammatory Bowel Disease (IBD) is a multifactorial disease which represents a group of intestinal disorders that causes prolonged inflammation of the digestive tract and is frequently associated with extraintestinal manifestations of illness. 1 Three types of IBD, Crohn's disease (CD), ulcerative colitis (UC) and indeterminate colitis (IC) tend to occur in early adulthood, but may be seen at any age from early childhood to advanced ages. While UC comprises mostly (except backwash ileitis) only the colon, whole gastrointestinal system (GIS) from mouth to the anus can be affected in CD. Genetic susceptibility, immun disregulation and varied response to gut microorganisms and unknown triggering events may lead to process of the disease. 1, 2 The autonomic ner vous system (ANS) specifically the parasympathetic system has been proposed to mediate communication between the brain-gut axis and modulate gastrointestinal autoregulation. 3 It is widely recognized that autonomic dysfunction (AD) may play a key role in the pathophysiology of the inflammatory response in the gastrointestinal system, associated with systemic manifestations and altered gut motility and immune response that may contributed to functional symptoms of IBD. 3, 4 One of the best methods that evaluates the sympathetic-parasympathetic balance in the ANS is the Heart Rate Variability (HRV) measurements. [2] [3] [4] In this study, we aimed to evaluate the variabilities of ANS in IBD patients in comparison with a control group by using HRV analyzes. We also tried to determine the cardiac involvement as a systemic manifestation in the process of the disease and evaluate the effects of disease on ANS and its correlation with changes in cardiac vagal activity in IBD pateints.
Material and Methods
A total of 36 pediatric patients with IBD, (20 with UC and 16 patients with CD) were enrolled prospectively in this study. The patients were followed-up in our pediatric outpatient gastroenterology clinic for at least 12 months and they were all in remission. The diagnosis of UC or CD was made according to their history, physical and laboratory examination, endoscopic, histopathological and radiological findings of the upper and lower gastrointestinal system. All subjects were in the remission phase of illness according to Pediatric Ulcerative Colitis Activity Index (PUCAI) 5 or Pediatric Crohn's Disease Activity Index (PCDAI) 6 scores and no relapses of IBD were seen during the past 3 months before the holter ECG recording test. Thirty-six age and sex matched healthy controls were enrolled in the study. IBD patients were using mesalamin and azathiopurin and free of steroids. Patients did not receive any medication for one day before the test. None of the participants in the control group were using any medications. Pateints with existing cardiac conditions, those using arryhthmogenic medication, having systemic disease, acute or chronic infection, anemia, electrolyte imbalances and the other diseases known to affect the ANS were excluded from the study.
The local ethical committee of our hospital approved the study and informed consents of parents and subjects were obtained. Both groups were evaluated by the same cardiologist. A protocol consisted of a detailed history, physical examination, 12lead electrocardiogram (ECG), transthoracic echocardiography and 24-hour Holter recordings were performed. Electrocardiography analysis: QTc intervals were measured using Bazett's Formula 8 in two groups.
Heart rate variability analysis: A standard ambulatory ECG recording system (Century 2000/3000 HRV Package System, version 1.32, Biomedical Systems, St. Louis, ABD) was used. They were manually calculated for R-R intervals and analyzed by using this package system. In this analysis, only the cycles with normal morphologic characterized beats were used, artifacts and ectopic complexes were excluded. In each person holter recordings lasted at least 23 hours. The HRV was evaluated by analysis time domain and frequency domain parameters (Table I) . [2] [3] [4] Analysis of time and frequency domain parameters were performed in 3 stages: The current study was initiated by assessing differences over the whole 24 hour period, then we examined differences during the daytime (07:00 to 22:00) and at night (22:00 to 07:00). Spectral measurements were calculated by Fast Fourier converting method. 9, 10 
Statistical Analysis
All data were processed by using NCSS (Number Cruncher Statistical System) 2007 Statistical Software (Utah, USA) for statistical analyses. In evaluating the data, we used descriptive statics (mean value and±standard deviaton) and also we used unpaired t test to evaluate couple groups and qualitative data were compared with Chi square test. P<0.05 was considered to be significant.
Results
Sixteen children with CD, 20 children with UC patients; totally 36 sex and age matched controls were enrolled to the study. The mean age was 11.96 ± 4.47 in patients and 12.01±4.2 in controls, with 52.7% (n=19) female and 47.3% (n=17) male individuals.
The clinical, electrocardiographic and echocardiographic parameters of the patient and control group are displayed in Table II . There were no significant differences in presenting features between the two groups.
The patients were all in remisssion phase (PUCAI score=1LF1.85±5.16 and PCDAI score=4.25±2.3), Mean disease duration of the patients was 16.7±3.43 months. Also, there were no statistically significant differences regarding to age, gender, body mass index among partients with CD, UC and healthy controls (Table III) .
The statistically significant differences were found in time domain indexes, between study and control group in values of Standard deviation of the all NN (normal-to-normal) interval (SDNN)total, The standard deviation (Table IV) .
The UC and CD groups were compared according to Echocardiographic, ECG and Holter ECG monitoring results, the differences between the groups were not statistically significant (p>0.05) (Table V) .
Discussion
IBDs is an example of pathological entities having multifactorial etiology. Although there have been a lot of studies investigating the pathogenesis of IBD, it is still not fully understood. The most widely accepted idea that diseases emerge as a result of the alterations in immune response of the intestinal mucosa in both UC and CD patients. 11 There is an increasing amount of evidence that autonomic dysfunction may play a role in the pathophysiology of the inflammatory response in the gastrointestinal system. 12, 13 Several investigators have reported that ANS, especially the parasympathetic system modulates the immune response in chronic inflammatory disorders. 2, 3, 12 Autonomic nervous system activity can be assesed with HRV which is a non-invasive technique in both healthy individuals and in patients with cardiovascular disorder. 14, 15 HRV reflects the balance of sympathetic and vagal activity on the sinus node. Parasympathetic stimulation slows the heart rate, whereas the heart rate is accelerated by sympathetic stimuli. 16 A high HRV is an indicator of healthy autonomic and cardiovascular response. Lower HRV is associated with a greater possibility of cardiovascular events 14, 15 Sympathetic predominance could have prognostic value in morbidity/mortality of different diseases, while increased vagal activity is protective against dysrhythmias. 14, 15 The parameter of TP has been shown to be the most significant prognostic value among HRV parameters. The TP as well as HF are the indicators of parasympathetic activity but physiological correlation in the parameters of Ultra low frequency ULF and VLF are still unknown.
Studies on the interaction between IBD and ANS had started in 1928 by Bokus. 17 In this study, he suggested that the imbalance of the ANS was responsible for IBD. In a recent study of Jelenova et al., 18 which is the only study conducted in pediatric population with IBD, HRV methods were used in detection of autonomic instabilities in 29 children with IBD (19 of CD and 10 of UC). Most of these children were evaluated during the remisson phase. They observed reduced HRV parameters, especially lower LF, VLF levels and LF/HF ratios in the patient group. They reported a deterioration in parasympathetic cardiac modulation in IBD pateints.
In our current study, we compared the cardiovascular autonomic control both in pediatric patients with IBD in remisson and healthy controls by using spectral analysis of HRV. There were no statistically significant difference between the two groups regarding the results of average age, gender and body surface area (BSA) between the two groups (p> 0.05). This helps to eliminate the effects of age and gender on the normal range of HRV. 19 Our results showed a decrease in all time domain parameters of HRV in the study group. From these parameters, indices of vagal activity including SDNN, SDNNday, SDANNindex and meanNN values were statistically significant. Also, patient groups tended to display lower values of frequency domain parametes, but only the differences in values of TP, LF and VLF were found to be statistically significant. Our findings support the results of Jelenova et al. 18 that showed a significant suppression in some of the components of HRV system, especially the parasympathetic system. It reflects a reduced parasympathetic nervous system activity, while sympathetic nervous system seems to be more active in children with IBD compared with the control group. In addition, an increase in the minimum 24 hour heart rate in the patient group may indicate a disruption of the ANS in IBD patients. Furthermore, the analysis of circadian rhythm results in our study revealed that the differences in SDNN values during the daytime hours were significant.
The previous studies about HRV showed a significantly increased sympathetic tone during the day especially in the beginning of waking, while there was dominance of vagal tone during the night. 4, 20 Our results confirmed that this imbalance may have a circadian rhythm and it was consistent with the results of previous studies.
In past reports, it was indicated that concomitant therapies with corticosteroids, mesalamine or azathioprine did not cause autonomic abnormalities in IBD patients. 11, 12, 21 Even though, low potential risk of arrhythmogenic effect is expected for these drugs, it needs to be considered in patients who present with cardiac symptoms. Although this medical therapy is unlikely to affect our results, our patients did not take their medications for one day before testing. Steroid therapies are used for remission induction in the treatment of active IBD22 . Our patients were in clinical remission phase, therefore they were free of steroid therapy.
One further result of current study was comparing the HRV parameters between CD and UC patients that showed similar results in both groups. We know that UC and CD are two clinical presentations of inflamatory process, therefore such results were expected from this study.
In contrast with our results, there is a conflict about pathological findings suggesting mostly sympathetic involvement in some studies and obvious parasympathetic pathology in others. 20, [23] [24] [25] According to the results of the surveys, in some studies autonomic dysfunction was found only in UC, CD alone or in both independently of disease activity. 2, 6, 20, 21, [23] [24] [25] We could not explain these diversities and differences in the results of these studies.
Altered HRV in healthy looking patients in remisson with no evidence of heart disease may suggest a subclinical inflammation or ANS abnormality concomitant with these systemic autonomic derangement free from disease activity.
The significant limitations of this study were the lack of normal reference values, complexity and the low patient number. Short-term HRV measurements are limited by a strict definition of abnormality. We used only one method (24-hour ambulatory ECG) to analyse the AD, but no other ANS function markers were included in our study group. Interpretation of the current results are limited by the study's relatively small size, hence our sample may not be representative of the population of IBD patients. Thus, such research requires ongoing collaborations between many investigators and institutions.
In conclusion, we found that patients with IBD in clinical remission have significant reduction in some of the HRV parameters compared to the control group, which may reflect changes in the autonomic sympathovagal balance. In the future, enhanced cardiac morbidity and mortality may correlate with this AD in the young IBD group. Furthermore, it will be important to determine whether reduced overall HRV is a result of the nature of IBD disease or whether the abnormalities in the autonomic regulation system precede and perhaps predispose subjects to the onset of IBD. To prove this theory, we need large-scale studies containing further research, different subgroups of IBD patients, additional analyzing methods and long term cardiac follow-up.
